Summary. Ovariectomized ewes were immunized against cortisol, oestrogen or progesterone to determine whether steroids of non-ovarian origin occur in sufficient amounts to influence the reproductive system. Ewes immunized against oestrogen (oestrone + oestradiol) had smaller uteri (P < 0\m=.\05) and a lower concentration of oestradiol in uterine tissue (P < 0\m=.\05), while the adrenal gland was heavier (P < 0\m=.\05).
Introduction
The adrenal gland secretes many steroidal hormones, including glucocorticoids, mineralocorticoids, progestagens, oestrogens and aromatizable androgens. In a number of species it has been shown that some of these hormones are secreted in amounts sufficient to influence the reproductive system. For example, in women it is estimated that up to half the circulating oestrogens can be of adrenal origin (Ellison, 1984) , while in the rat up to half the progesterone at some stages of the oestrous cycle is produced by the adrenal gland (Shaikh & Shaikh, 1975 ). There have been few studies on the role of adrenal steroids in reproduction in sheep.
Adrenalectomy increased the concentration of oestrogen receptors and decreased the concen¬ tration of oestradiol in the uterus of ovariectomized ewes (Atkinson & Adams, 1988) but had little effect on LH secretion (Montgomery et ai, 1987; Atkinson & Adams, 1988) . As pointed out by Montgomery et ai (1987) , adrenalectomy is a major surgical procedure in the ewe, and requires maintenance treatment with relatively large doses of glucocorticoid steroids. We Assays. LH was measured in plasma samples, collected at 15-min intervals for 4h, using a double-antibody radioimmunoassay (Martin et a!, 1980) . The LH standard in this assay (PNRS-M3) is equivalent to 2-5 i.u. NIH-LH-SI per mg (Oldham et ai, 1978) . Non-specific binding was 312% and the sensitivity of the assay was 015 ng/tube. Two pools of plasma containing 3-36 + 0-34 and 19-78 ± 1-40 ng LH/ml were included in the assay for the calculation of the inter-assay coefficients of variation, which were 10-1 % and 7-1 %. Intra-assay coefficient of variation was 3-5%. The LH profiles were analysed for pulses using a modified version of the 'Pulsar' algorithm (Merriam & Wächter, 1982) developed for the Apple Mackintosh microcomputer (Munro; Elsevier-BIOSOFT, Cambridge, UK). The pulse frequency, mean pulse amplitude, and baseline values were calculated for each profile.
FSH was measured in plasma samples collected at 1-h intervals over the 4-h bleeding period. Samples were assayed using a double-antibody radioimmunoassay provided by the pituitary agency of NIH and validated in our laboratory (Atkinson & Adams, 1988) . Non-specific binding was < 5% and the sensitivity of the assay 009 ng/tube. Two plasma pools containing 0-83 + 003 and 1 -99 + 004 ng FSH/ml were included in the assay for the calculation of intra-assay coefficient of variation, which was 6-8%. All samples were analysed in a single assay to avoid inter-assay variation.
Oestradiol-17ß was measured in extracts of uterine tissue using the single-antibody radioimmunoassay of
McNatty et ai (1976) , as modified by Atkinson et a! (1986) . The extraction of oestradiol from the uterine tissues was carried out as described by Atkinson & Adams (1988) with some modification. Briefly, 2-3 g uterine tissue were minced and homogenized in 5 ml water. The homogenate was extracted twice with diethyl ether. The dried extract was defatted overnight with 5 ml 70% methanol/water and then centrifuged at 4°C. The precipitated fat was washed with 1 ml cold methanol, and the supernatants were pooled and dried under nitrogen. When the mixture was nearly dry it was extracted with 2 ml diethyl ether, which was dried in assay tubes and assayed as previously described. The non-specific binding was 4-5% and the sensitivity of the assay was 2-3 pg/tube. A pool of uterine tissue was included for the calculation of interassay coefficient of variation, which was 190%. Recovery from the extraction and defatting procedure was 64-0%.
Oestradiol receptors were measured in uterine tissue by Scatchard analysis, using concentrations of [3H]oestradiol between 01 and 10 nmol/1, as described by Atkinson & Adams (1988) . The concentration of protein in uterine homogenate was estimated by the method of Lowry et a! (1951), using bovine serum albumin as a standard.
Antigens were synthesized by conjugating the relevant steroid acids to HSA by the dimide method in phosphate buffer-tetrahydrofuran (Lindner el ai, 1972) . The determination of antibody titres was similar to the method described by Abraham (1974) .
Statistics. Values for titres were transformed to logarithms to obtain approximate normality of the data and then back transformed for presentation. Groups were compared by analysis of variance followed by Newman-Keuls comparisons of individual group means, when appropriate.
Results

Experiment 1
The immunization treatment produced relatively low titres, but these were sufficient to bring about biological effects. The mean (and s.e. range) anti-progesterone antibody titre in the ewes immunized against progesterone was 1244 (819-1889). In the ewes immunized against cortisol the mean anti-cortisol titre was 136 (106-173), with a cross-reaction against progesterone detected in only 1 of the 15 animals (titre 700). Immunization against cortisol increased the weight of the adrenal glands (P < 005), an effect which was blocked by exogenous progesterone (Table 1) . The concentration of FSH was increased (P < 005) in ewes immunized against oestrogen, but no treatment affected the secretion of LH (Table 3) . 
Experiment 3
Treatment with dexamethasome did not significantly affect any of the uterine characteristics examined (Table 4) . (De Silva et ai, 1983) , but immunization against this hormone did not reduce uterine weight. De Silva et al. (1983) reported that adrenal production of progesterone resulted in circulating concentrations of 0-1 ng/ml, whereas the Silestrus implants used in the present study produce plasma progesterone concentrations of around 1 ng/ml (G. B. Martin, personal communi¬ cation) to mimic a normal luteal phase. Although the antibody titres achieved in Exp. 1 were low, the antibody levels were sufficient to block the response to exogenous progesterone from the implants (Table 1 ) and so should have been more than sufficient to block endogenous progesterone. It must be concluded that the amount of progesterone secreted by the adrenal gland is not sufficient to affect uterine weight.
The mechanism by which immunization against cortisol decreased the weight of the uterus in ovariectomized ewes (Tables 1 and 2) is not clear. The reduction in weight was not statisti¬ cally significant in Exp. 1, possibly because the ewes were older and had been pregnant and borne lambs and so their uteri were larger, but more probably because the anti-cortisol titre was relatively low. It is unlikely that the decrease resulted from interference with the synthesis of adrenal oestrogens, because the concentration of oestradiol in the uterus of immunized ewes was normal (Table 2). As described above, it is also improbable that the effect resulted from inter¬ ference with the activity of progesterone. Although glucocorticoid receptors in the uterus have been reported (Panko et ai, 1981) , injection with dexamethasone did not increase uterine weight (Table 4) and so it would appear that glucocorticoid activity does not influence uterine weight.
The effect may result from an interaction between cortisol and progesterone or oestrogen.
Complex interactions of this type have been reported. For example, the weight of adrenal glands was reduced in rats treated with medroxyprogesterone (Fell et ai, 1977) in a manner similar to the suppression of adrenal hypertrophy caused by exogenous progesterone in the cortisol-immunized ewes shown in Table 1 . However, no such interaction was seen in effects on uterine weight (Table 1) . Cortisol is also suggested to increase (Johnson & Dey, 1980) or decrease (Terakawa et ai, 1985) responses to oestradiol, possibly depending on the doses used (Verga et ai, 1975) .
Treatment with dexamethasone can reduce concentration of oestrogen receptors in the uterus of the rat (Campbell, 1978) and the ewe (Atkinson & Adams, 1988) , but in the present study this was not observed. However, the earlier studies used extremely large amounts of glucocorticoid; Campbell (1978) administered 1 mg dexamethasone to rats, while Atkinson & Adams (1988) used adrenalectomized sheep in which exogenous glucocorticoids were used to replace the gluconeogenic effect of adrenal cortical steroids and medullary catecholamines. The dose of dexamethasone normally used in veterinary practice is much lower, similar to that used in the present study (3 mg/ewe daily). This dose is sufficient to stimulate systems normally responsive to glucocorticoid hormones (Anon, 1973) The role played by adrenal glands in modulating reproductive activity in the ewe has been a subject of speculation for many years. The adrenal glands secrete oestrogenic hormones or their precursors (Atkinson & Adams, 1988) and the present study indicates that these hormones are secreted in sufficient amounts to affect the weight of the uterus and the secretion of FSH. However, the mechanisms controlling adrenal oestrogen secretion are not clear. Immunization against cortisol, which increased adrenal weight and presumably ACTH secretion, did not increase the concentration of oestradiol in the uterus. On the other hand, immunization against oestrogen increased adrenal weight, indicating that there may be some control over the amount of oestrogen secreted by the adrenal gland. It remains to be seen whether the adrenal secretion of oestrogen is modulated sufficiently to alter the function of the target organs.
